Nakonieczna-Rudnicka M, Bachanek T. Number of Streptococcus mutans and Lactobacillus in saliva versus the status of cigarette smoking, considering duration of smoking and number of cigarettes smoked daily. Ann Agric Environ Med. 2017; 24(3): 396-400. doi: 10.5604/12321966.1228952 Abstract Introduction and objective. A large number of colonies of Streptococcus mutans (SM) and Lactobacillus (LB) cariogenic bacteria in the saliva show a high risk of dental caries development. Cotinine is a biomarker of exposure to the tobacco smoke. The aim of the study was assessment of the number of Streptococcus mutans and Lactobacillus in the saliva of nonsmokers and smokers considering the duration of smoking and the number of cigarettes smoked daily. The number of SM and LB was analysed in relation to the frequency of oral health check-ups. Materials and method. The investigated group comprised 124 people aged 20-54. 58 (46.8%) reported cigarette smoking; 66 (53.2%) reported they had never smoked cigarettes and had never attempted to smoke. Cotinine concentration in the saliva was assayed using the Cotinine test (Calbiotech), and the number of SM and LB with the use of the CRT bacteria test (Ivoclar Vivadent, Liechtenstein). Statistical analysis was conducted using Chi 2 and Mann-Whitney tests. Test values of p<0.05 were considered statistically significant. Results. No essential correlation was stated between the number of SM and LB and the status of smoking, the number of cigarettes smoked daily and duration of cigarette smoking. Smokers who reported having dental check-ups at least once a year significantly more frequently had a small number of LB stated in relation to people who had dental check-ups to control their oral health less frequently than once a year. Conclusion. The number of SM and LB in saliva does not depend on the smoking status, the number of cigarettes smoked daily and duration of smoking.
INTRODUCTION
Dental caries is connected with the presence of acidogenic and acidophilic bacteria in dental plaque, especially Streptococcus mutans (SM) and Lactobacillus (LB) which produce acids from sugars found in food. The action of acids on enamel hydroxyapatites causes demineralization which may initiate the cariogenic process. Saliva, which is the environment of the oral cavity, affects the demineralization and remineralization processes, dissolves and eliminates sugars, has buffering capacity and antibacterial properties [1, 2] .
A high number of Streptococcus mutans and/or Lactobacillus in the saliva is one of the risk factors of the cariogenic process [3] . SM bacteria initiate caries of the enamel and the surface of a tooth root. In vitro studies revealed that with a pH value of 5.0 SM and LB bacteria predominating, a further decrease of the pH value to 4.5 causes a further increase in their number, whereby LB bacteria increase faster than MS with pH ≤ 4.6 [4] .
The biomarker of exposure to tobacco smoke is cotininenicotine metabolite in its half-life which is 16-20 hours in the saliva. Cotinine concentration may be assayed in the saliva, plasma or urine. Cotinine half-life in the saliva and plasma are similar. Analysis of cotinine concentration in the saliva enables objective evaluation of exposure to tobacco smoke and verification of the survey data. Cotinine concentration in the saliva is related to the number of cigarettes smoked. Cotinine concentration in both in non-stimulated and stimulated saliva obtains similar values [5, 6, 7, 8, 9, 10] .
Saliva present in the oral cavity is a mixture of secretions from the minor and major salivary glands and is called whole saliva. Non-invasiveness and the ease of saliva collection makes it a good diagnostic material. Saliva composition and salivary flow rate depend on the method of collection. The secretion of stimulated saliva is due to chewing, e.g. a paraffin cube, and causes an increased rate of salivary, whereas non-stimulated saliva is secreted with no influence on extrinsic factors [11] .
OBJECTIVE
The aim of the study was assessment of the number of Streptococcus mutans and Lactobacillus in the saliva of nonsmokers and smokers, considering the duration of smoking and the number of cigarettes smoked daily. The number of SM and LB was analysed in relation to the status of smoking and the frequency of oral health check-ups.
MATERIALS AND METHOD
Study sample. The investigated group comprised 124 people aged 20-54 who reported to the Chair and Department of Conservative Dentistry with Endodontics at the Medical University of Lublin. 58 (46.8%) reported cigarette smoking; 66 (53.2%) reported they had never smoked cigarettes and had never attempted to smoke. In the group of smokers, 53 (90.4%) answered all the questions in the survey questionnaire, and 63 (95.4%) in the group of non-smokers. From among 53 smokers, a duration of smoking of up to 10 years was stated by 29 (54.7%) smokers and more than 10 years by 24 (45.3%). The mean age of smokers was 31.8, in non-smokers -29.0. Women constituted 65.5% of those investigated, men -34.5%. 75.0% of the investigated lived in a city and 25.0% in the country.
The exclusion criteria from participation in the study were: pregnancy, chronic and co-existing diseases, permanent medicine taking, nicotine replacement therapy, cigarette smoking in the past, antibiotic therapy and professional application of fluorine within 3 months prior to the study. The study was approved by the Bioethics Board of the Medical University in Lublin.
Salivary sample collection. Non-stimulated mixed saliva was collected into Salivette test tubes (Sarstedt, Germany) between 09.30 -11.30, 1.5 -2 hours after a meal during 10 minutes. Test tubes were placed in the ice container with the temperature of 4 °C and centrifuged at the temperature of 4 °C for 12 min. at 3,000 r/min. The obtained supernatant was stored at the temperature of -75 °C until assessment of the evaluated parameter.
Assessment of cotinine in salivary samples. Salivary concentration in non-stimulated mixed saliva was assessed with immunoenzyme method using Cotinine ELISA test (Calbiotech), according to manufacturer's instructions.
Assessment of the number of o colonies of Streptococcus mutans (SM) and Lactobacillus (LB) cariogenic bacteria in the saliva. Assessment of the number of SM and LB colonies was performed with the use of CRT bacteria test (Ivoclar Vivadent, Liechtenstein), according to manufacturer's instructions. Mixed saliva stimulated by chewing a paraffin cube was collected between 09.30 -11.30, 1.5 -2 hours after a meal, during 5 minutes. Saliva was collected into a plastic disposable cup by the method of spitting. Directly after saliva collection, the bacteriological test was performed. After opening the vial and removing the agar medium, an NaHCO 3 tablet was placed at the bottom of the vial, protective films were removed from 2 agar surfaces and they were thoroughly saturated with saliva using a disposable pipette. Agar medium was placed in a test vial which was closed, marked with the patient's number and date of material collection, and placed in a vertical position in an incubator (Cultura, Vivadent). It was incubated at the temperature of 37 °C for 48 hours. After the appointed time, the vial was removed from the incubator and density of SM and LB bacterial colonies was compared with a standard pattern (<10 5 CFU/ml and ≥ 10 5 CFU/ml, low and high CFU/ml).
Statistical Analysis.
The obtained results were submitted to statistical analysis with the use of Chi 2 and Mann-Whitney tests. Test values of p<0.05 were considered statistically significant.
RESULTS
Analysis of the cotinine concentration in the saliva revealed a consistency with the status of cigarette smoking declared by the investigated. In the group of non-smokers, the cotinine concentration was undetectable; in the group of smokers, the highest value of cotinine concentration was 924.5 ng/ml (Tab. 1).
The mean age in the non-smoking group was 29.9 years, and in the smoking group -31.8. No significant correlation was stated between the status of cigarette smoking and age of those Investigated (Z=1.07, p>0.05) (Tab. 2).
Analysis of the number of cariogenic bacteria revealed that in 28.6% non-smokers the value of SM ≥10 5 CFU/ml was stated, whereas in 71.4% the value of was SM <. 10 5 CFU/ml. In the group of smokers, the values were 39.6% and 60.4%, respectively. The number of LB colonies ≥10 5 CFU/ml of the saliva were stated in 42.9% of non-smokers and 49.1% smokers, whereas the value of LB<10 5 CFU/ml of the saliva of the investigated were 57.1% and 50.9%, respectively. No essential correlation was stated between the number of SM (χ 2 =1.58; p>0.05) and LB (χ 2 =0.45; p>0.05) and the status of smoking. However, a tendency of a higher number of SM bacterial colonies was observed in smokers (Tab. 3).
Analysis of the number of cariogenic bacterial colonies in relation to the number of cigarettes smoked daily -less than 20 cigarettes and 20 cigarettes and more -revealed, that the value SM≥10
5 CFU/ml of the saliva occurred in 38.9% people smoking less than 20 cigarettes daily, and in 35.7% smoking 20 cigarettes and more daily. A high number of SM colonies was stated in 34.5% who smoked for up to 10 years and 40.9% who smoked for more than 10 years; there was a small number of SM, respectively, in 65.5% and 59.1% of the smokers. A high number of LB was stated in 41.4% who had smoked for up to 10 years, and 59.1% of the investigated who had smoked for more than 10 years; there was a small number of LB, respectively, in 58.5% and 40.9% of the smokers. No essential correlation was stated between the number of SM (χ 2 =0.22; p>0.05) and LB (χ 2 =1.57; p>0.05) bacterial colonies and the duration of cigarette smoking, i.e. up to 10 years and more than 10 years (Tab. 5). In the group of smokers, a large number of SM was stated in 36.4% of the investigated who reported for dental check-ups.
A dental surgeon checked the state of oral health every 6 months, in 18.2% of people reporting once a year and in 45.4% reporting less than once a year. The LB number was 23.1%, 26.9% and 50.0%, respectively. A low SM number was stated, respectively, in 47.2%, 27.8% and 25.0%, whereas there was a low LB number in 59.4%, 21.8% and 18.7%, respectively. Analysis of the SM number in relation to the frequency of oral health check-ups did not reveal essential correlations between the assessed parameters (χ 2 = 2.6; p>0.05). Smokers who reported having oral health check-ups every 6 months or once a year significantly more frequently had a small number of LB, compared to those who reported having oral health check-ups less than once a year (χ 2 = 8.8; p<0.05). In the group of non-smokers, a large number of SM was stated in 50.0% of those who reported to a dental surgeon every 6 months for a check-up on the state of their oral health; 38.9% reported once a year and 11.1% reported less than once a year. The LB number was 53.6%, 32.1% and 14.3%, respectively. A small SM number was stated in 58.3%, 33.3% and 8.3%, respectively, whereas LB was in 57.9%, 36.8% and 5.3%, respectively. Analysis of the number of SM (χ 2 = 0.39; p>0.05) d and LB (χ 2 = 1.60; p>0.05) cariogenic bacterial colonies in the group of non-smokers in relation to the check-up of oral health state did not reveal any significant correlations between the assessed parameters (Tab. 6). 
DISCUSSION
Salivary tests enable assessment of the number of SM and LB cariogenic bacteria in the saliva of selected patients with a high level of bacteria, and monitoring the effectiveness of therapies resulting in a decrease in the number of bacteria.
The tests are helpful in the evaluation of patients' dietary habits because the LB number positively correlates with the consumption of carbohydrates in the diet. In the future, prognostication of dental caries in patients based only on bacterial salivary tests is not to be recommended because dental caries is a multifactorial disease. The cariogenic process, among others, is influenced by saliva secretion and saliva composition, general state of health, exposure to fluorine, frequency of sugars consumption, and sociodemographic status [12, 13] . Nishikawara et al. [14] demonstrated essential correlation between LB level, the number of carious teeth and the number of proximal surface caries.
SM bacteria are a significant marker of the onset of primary and secondary dental caries while LB bacteria have a low ability to adhere to the enamel surface; however, they probably accumulate in marginal fissures of the filling. Therefore, there is a greater possibility for the development of secondary dental caries in people having numerous fillings [15] .
Akpata et al. [16] revealed essential differences in the number of SM and LB bacteria in a group of people having at least 8 teeth with caries and in the group with no caries. They stated the number of SM at >10 5 CFU/ml in 56.1% people with caries and in 11.1% people with no caries, for LB >10 5 CFU/ml the values were, respectively, 71.4% and 19.4%.
Studies conducted in Turkey by Karaoğlanoğlu et al. [17] in a group of 133 people aged 20-50 demonstrated the number of SM ≥ 10 5 CFU/mL colonies in 69% of women and 65% of men, whereas for LB these values were 95% and 90%, respectively. The authors did not state any essential differences between DMFS (mean of decayed, missing, filled permanent surfaces) index and the LB or SM levels. The study was conducted with the use of CRT bacteria test (Ivoclar Vivadent AG, Schaan, Liechtenstein).
The results of the presented study revealed large number of SM colonies in 28.6% of non-smokers and 39.6% of smokers; for LB the values were 42.9% and 49.1%, respectively. No data was found in the available literature concerning correlations between the number of SM and LB, and the number of cigarettes smoked daily and smoking duration.
Studies conducted by Huang et al. [18] revealed that nicotine increases the formation of biofilm by the action of SM bacteria, and its metabolic activity on teeth surfaces which suggests the possibility of increased risk of dental caries in smokers.
Carrying out proper hygiene procedures in the oral cavity is an essential factor of caries prophylaxis and periodontal diseases.
Analysis of oral hygiene behaviours shows that smokers, in comparison to non-smokers, less frequently report for oral check-ups every 6 months, less frequently brush their teeth at least twice a day, less frequently use dental floss to maintain hygiene of interdental spaces as well as proximal surfaces, and they more frequently brush their teeth improperly [19, 20] .
Dental caries is an infectious disease. Studies reveal that mothers who have a poor state of dentition have a high level of SM in the saliva, and may transfer bacteria to their babies, e.g. by licking the pacifier [21] . Awareness of dental caries risk factors may result in the modification of pro health habits.
The results of the presented study demonstrate that smokers who reported for oral health check-ups every 6 months or once a year, essentially more frequently had a low number of LB in the saliva. It can be presumed that during oral health check-ups, the smokers obtained dietary instructions from their dental surgeon and information on proper oral hygiene procedures.
CONCLUSIONS
The number of SM and LB in the saliva is not related to the smoking status, number of cigarettes smoked daily and duration of smoking. A low number of LB colonies was more frequently stated in the group of smokers who reported for dental check-ups at least once a year.
